Introduction
According to the GEKID (Network of Cancer Registries in Germany) Atlas, the incidence rate for breast cancer in Germany has decreased [1] ; however, the rate is still high and women are confronted with cancer-and treatment-related side effects (67, 420 women in 2014). The increasing number of worldwide studies on physical activity and breast cancer highlights the importance given to this correlation.
Patients with breast cancer can receive various forms of medical therapy such as surgery, chemotherapy, hormone therapy, antibodies, and/or radiotherapy and be confronted with various side effects such as fatigue [2] . In addition, breast cancer patients start to decrease their physical activity during therapy [3] and stay physically inactive during aftercare [4] . However, physical activity is a possible adjuvant therapy for cancer [5, 6] .
Physical, psychological, and social impairments can be reduced with aerobic and resistance training [7] , and regular exercise has an influence on acute and chronic symptoms of breast cancer [8] . Especially specifically structured aerobic and resistance exercises have a positive influence [5] . Physical activity can have a positive influence on insulin sensitivity, immune and cardiopulmonary function, bone loss, body composition, depression, sleep disturbances, and quality of life in the aftercare of breast cancer [8, 9] . Long-term physical effects are associated with and are depending on the type of medical treatment for breast cancer patients after oncological therapy [8, 10] .
The key aim of rehabilitation is to make the patient fit for everyday life. An individual focus is crucial for this. Particularly in the rehabilitation and aftercare of breast cancer survivors, it is necessary to prepare for everyday life and lay the foundation for a physically active lifestyle that also considers prevention of recurrence, increased risk of comorbidities, and aspects of survival [4] . Above
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Summary
The current scientific field of exercise interventions in breast cancer is very large. Rehabilitation focuses on restoring or improving quality of life and thus on independence and participation in life. Hence, it is important to investigate exercise interventions in the setting of rehabilitation and aftercare. It is also necessary to determine the influence of physical activity or exercise therapy on the prevention of recurrence and mortality as well as on certain side effects of the disease and its medical treatment in rehabilitation. Physical activity in rehabilitation and aftercare is feasible and safe and can be used for various purposes. Against the background of reduced fatigue, chemotherapy-induced peripheral neuropathy, cancer-related cognitive impairment, arthralgia, lymphedema, recurrence, and mortality, as well as improved quality of life, different methodological approaches and evidence can be seen. Although the overall data availability has increased, there are gaps in study documentation as well as inadequate verification of scientific approaches in rehabilitation clinics and in everyday life. • most active group had significantly greater delta scores in aerobic fitness than the other groups
• aerobic fitness ns • QoL ns • systolic blood pressure to a minor degree ns
• body weight • 'high aerobic fitness is related to increased survival in cancer patients'
• 'most active group had the lowest QoL scores'
• 'high physical activity level prior to cancer diagnosis -greater aerobic fitness delta scores' [13] systematic review and metaanalysis; generated from randomized controlled trials systematic search about: physical activity and behavior change interventions in recent posttreatment breast cancer survivors (<5 years post treatment)
• 14 studies with total number of 2,140 breast cancer patients after treatment; mean sample size: 153/study
• all interventions include moderateintensity exercise + behavioral change strategies
• most studies used a walking component; coaching strategies varied • 'most interventions: effective in producing short-term behavior changes in physical activity'
• 'highly structured interventions tended to produce larger behavior change effects overall…'
• '…many larger effect sizes came from interventions supported by phone counseling or email' [53] • individualized rehabilitation program
• quasi-randomized and controlled intervention + follow- all, the restoration or improvement of quality of life should be the focus of the intervention's design and should be meaningful. Quality of life is influenced by different individual aspects as well as by cancer-and treatment-related side effects. Additionally, studies on exercise in women with breast cancer are often incomplete and not clear with regard to the methods reported [11] . Therefore, the aim of this article was to review the current data from which exercise recommendations are generated and discuss targeted exercise programs and recommendations for rehabilitation and aftercare in breast cancer survivors, focusing on certain side effects, quality of life, and impact on recurrence and survival. On the one hand, side effects such as fatigue, chemotherapy-induced peripheral neuropathy (CIPN), cancer-related cognitive impairment (CRCI), arthralgia, and lymphedema are considered since these influence the direction of relevant exercise interventions during the rehabilitation phase in breast cancer patients. There are approaches that investigate the already determined influences of physical activity on cancer cachexia [12] . However, as this plays a minor role in exercise therapy in the rehabilitation and aftercare phase of breast cancer, it is not discussed in detail. On the other hand, the crucial factors of recurrence and survival are considered in relation to aftercare.
To investigate the current study situation, the platforms NCBI PubMed and Google Scholar were used and the literature of the most recent systematic reviews analyzed. As a qualitative analysis, the results partially contain direct quotes or statements from the authors.
Physical Activity Interventions and Programs during Rehabilitation and Aftercare
There are few studies investigating programs or physical activity interventions during the rehabilitation phase. These show different options for patients in rehabilitation and aftercare, but also different study designs and reported information (table 1) . Particularly for programs conducted during rehabilitation, statements and evidence vary widely. A systematic review with 14 randomized controlled trials (RCTs) demonstrated good evidence for short-term effects [13] but also illustrated partially large differences between interventions, which can also be found in the table shown here  (table 1) . Another systematic review with 10 studies described the initial evidence of the feasibility and efficacy of exercise in terms of improvement of physiological and psychological function during the rehabilitation phase [14] .
Next to supervised physical activity interventions, other studies with small sample sizes examined different ways for cancer patients to participate in health-related programs. For example, Cox et al. [15] compared in an RCT a 6-month internet-and telephone-delivered weight loss intervention with 37 cancer survivors. The health outcomes of the cancer survivors were better in the telephone group. Ritvo et al. [16] are going to evaluate a 12-week physical activity intervention with 107 physically inactive breast cancer survivors (<60 min/week), also in an RCT design, to inform full- • 'fitness improves as does physical and psychological function' BMI = Body mass index; QoL = quality of life; MET = metabolic equivalent; = unchanged; * = significant increase; * = significant decrease; ns = no significant increase; ns = no significant decrease. Table 1 .
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Wirtz/Baumann Breast Care 2018;13:93-101 96 scale RCT planning. Next to weekly group sessions, participants will receive a home-based program, telephone health coaching, smartphones with data plans, supportive health tracking software, and wearables. Also, a systematic review with 14 randomized studies, and most of the included studies with breast cancer survivors, reports that group or community-based activities with approaches to behavioral change have the biggest effect. Home-and community-based physical activity programs could improve functional deterioration in aging cancer survivors [17] .
Currently available studies also provide initial information on the timing of exercise interventions and associated effects in aftercare. For example, a nutrition and exercise intervention (supervised moderate intensity, aerobic and resistance training, 3 times/ week) during adjuvant chemotherapy in 73 breast cancer patients showed long-term effects of improved physical activity levels and quality of life 2 years after the start of therapy [18] .
The length of an intervention as well as its intensity are crucial factors in program planning. Schmitt et al. [19] showed that lowto-moderate intensity as well as high-intensity interval training can have the same positive influence on fatigue, quality of life, and physical factors in female cancer survivors. The high-intensity interval training was therefore feasible and could be used with lowtime approaches in cancer survivors.
One study could even show that a guided adjuvant high-intensity interval endurance and strength training could be feasible and shows an improvement in endurance and strength performance and quality of life in breast cancer patients after only 6 weeks [20] .
Studies with low numbers of subjects repeatedly show feasibility and various improvements but lack good evidence (e.g., ashtanga yoga [21] and dragon boat activity [22] ).
Also, approaches taken from other diseases were examined for cancer survivors, and studies have demonstrated usability of existing cardiac rehabilitation structures also in cancer patients. One single-arm study indicated that an oncology rehabilitation exercise program with 20 breast cancer patients could be integrated in a cardiac rehabilitation program, but did not meet the primary outcome in terms of adherence and significant changes in aerobic exercise capacity [23] . Dittus et al. [24] showed that topics like exercise training, physical activity, nutrition counseling, psychosocial management, and weight management are the same in cancer and cardiac rehabilitation, also demonstrating usability of cardiac rehabilitation structures.
Despite the different approaches and outcomes of the studies shown, several recent reviews provide general recommendations independent of specific side effects (table 2) .
Quality of Life
Especially in rehabilitation and aftercare, the focus is on the reduction and improvement of cancer-and treatment-related side effects that do not subside even after the end of the therapy. Depression and fatigue are associated with impaired quality of life, and quality of life is impaired not long after adjuvant treatment in breast cancer patients [25] . Mustian et al. [26] showed in an overview of the oncology literature on the use of exercise that a lot of programs aim to restore and improve the quality of life of cancer survivors.
A survey with 537 breast cancer survivors demonstrated physical performance and activity level having a positive correlation with quality of life [25] . Duncan et al. [27] presented in a review of 21 systematic reviews of randomized trials that physical exercise interventions (yoga, aerobic and resistance training) are effective in improving overall quality of life in cancer survivors. There seems to be no standard program, but supervised interventions and a combination of aerobic and resistance training appear more effective (table 1) . Organized specific programs could improve quality of life in breast cancer survivors in a specific exercise intervention with 55 women [28] .
Fatigue
Mustian et al. [29] expounded that exercise therapy is effective in reducing cancer-related fatigue during and after cancer treatment. Exercise therapy and psycho-oncology are significantly more effective than pharmaceutical interventions. They examined 113 randomized clinical studies with 11,525 patients. Zimmer et al. [30] with a rehabilitation program including 60 patients and MenesesEchavez et al. [31] with a systematic review of 14 RCTs showed that physical activity levels can increase with personalized exercise recommendations and supervised exercise interventions among breast cancer patients. The recommended training approaches and intensities are based on the level of fatigue (mild, moderate, or severe) in cancer survivors. Generally, a combination of aerobic and resistance exercise may be recommended according to an overview [32] . According to a systematic review with 25 RCTs, there was slightly better improvement in fatigue when breast cancer patients took part in physical exercise intervention after adjuvant treatment [33] .
Chemotherapy-Induced Peripheral Neuropathy
Streckmann et al. [34] showed in a systematic review with 18 studies (10 RCTs and 8 controlled clinical trials) that balanced training is more effective than a combination of endurance and strength training for patients with peripheral neuropathies. Overall, exercise can reduce symptoms of CIPN especially in breast cancer patients. In line with this, a multicenter RCT with a 6-week standardized and home-based progressive walking and resistance exercise intervention with moderate intensity could improve CIPN symptoms in 355 cancer patients receiving taxane-, platinum-, or vinca alkaloid-based chemotherapy [35] . Cancer-Related Cognitive Impairment A systematic review with 19 studies (rodents and humans) presented that physical activity such Asian-influenced movement programs could have a positive influence on self-perceived cognitive functions in patients with breast cancer in aftercare; it may also reduce chronic inflammation [36] . The review suggests that exercise interventions can help in the prevention and rehabilitation of CRCI and improve processing speed with early implementation (diagnosis <2 years) among breast cancer patients [37] . However, the evidence and quality of the studies in humans are poor.
Secondary Lymphedema
Interventional studies show that physical activity is not contraindicated in patients with breast cancer-related lymphedema and that subjective and objective parameters can be positively influenced by high-frequency dynamic and moderate training [38] . For example, pain and loss of sensitivity can be improved by strength training [39] . Water and home-based training could improve functional limitations in the affected arm as well as quality of life [40] .
Arthralgia
The specific effects and mechanisms of certain exercise programs on arthralgia have not yet been sufficiently investigated. Physical activity can have a positive influence on aromatase inhibitor-associated arthralgia. For example, after 1 year, endurance and strength training had a positive effect on pain intensity and pain intervals in a trial with breast cancer patients [41] . However, further investigations are needed to determine the nature of the effect and above all which methods and intensities should be applied [42] .
Cardiotoxicity
A prospective cohort study with non-metastatic breast cancer patients showed that exercise is associated with a reduction in the incidence of cardiovascular events [43] . Runowicz et al. [10] recommend among other things early cardiovascular monitoring and education of breast cancer survivors about lifestyle adaptations including exercise. This could have a positive influence on the risk or severity of cardiotoxicity or cardiovascular events.
Physical Activity Interventions and Programs Related to Recurrence and Survival
How exactly physical activity pre-or post-diagnosis contributes to reducing recurrence and/or mortality is still not fully understood [5] . A number of studies have examined certain criteria and come to certain conclusions (table 3) . However, different approaches in methodology, scope, and outcome have yielded heterogeneous evidence.
Emaus et al. [44] determined a relationship between mortality and body mass index, blood pressure, lipids, and physical activity in a population-based study including 1,364 breast cancer cases. A prospective observational study and large RCTs proved that not only fulfilling the guidelines of physical activity but also the timing (pre-or post-diagnosis/treatment) and duration of an active lifestyle affect the survival and risk of recurrence in women with breast cancer [45, 46] . It was demonstrated that a physically inactive lifestyle (very low physical activity) is associated with a higher risk of mortality than obesity post-diagnosis. Adamo et al. [47] showed in a hospital-based cancer rehabilitation program with 171 women that a high degree of aerobic fitness was related to improved survival.
There are also isolated studies investigating the mechanical effects of physical activity at the cellular and molecular level, but sample sizes are small and the evidence is poorly understood. The endogenous immune system could play a central role in the defense against malignant cells [48] . Physical exercise could have a protective influence in terms of recurrence prophylaxis. After a 6-month exercise training with 28 breast cancer patients in aftercare, increased lymphocyte activation could be detected [49] .
Discussion and Conclusion
The aim of this review was to provide an overview of the current publications, especially their evidence, about physical activity in rehabilitation and aftercare in breast cancer patients. Various topics and different outcome reports were encountered.
There are many studies with various aims and recommendations for physical activity in breast cancer survivors. It appears that exercise can positively influence certain cancer-and treatment-related side effects, quality of life, recurrence, and survival. However, there are differences in outcomes depending on factors such as intensity and activity level. A high level of aerobic fitness can be associated with a higher probability of survival; however, a high level of activity is not necessarily associated with the best quality of life [47] .
There is differentiated evidence with regard to exercise against certain side effects.
The positive effect of exercise on fatigue has been verified in RCTs and systematic reviews with strong evidence. It is now a matter of integrating or implementing the approaches into the daily practice of rehabilitation clinics.
As far as CIPN is concerned, evidence-based approaches with RCTs and reviews show that exercise has a positive effect on symptoms, but there is still a lack of larger RCTs and programs closer to daily life.
The validity of physical activity against cognitive impairment among breast cancer patients is not well understood and there is no reliable evidence for certain movement recommendations. More RCTs with human cancer patients are required.
Many exercise programs and interventions are aimed at improving quality of life, and there is now good study-based evidence. In this context, methodology still differs considerably. Ultimately, the efficacy of scientific approaches must also be checked in practice, and here evidence is still too low. • meta-analysis of published studies • included 6 studies with 12,108 breast cancer patients
• 'post-diagnosis PA reduced -breast cancer deaths by 34% -all causes mortality by 41% -disease recurrence by 24%' • '… evidence for an inverse relationship between PA and mortality …' [5] • review of evidence • 'certain patient subtypes are more responsive to physical activity than others' -'observe/note possible responsiveness to exercise' • 'strongest evidence for an association between post-diagnosis physical activity and cancer-specific mortality is found for breast and colon cancers for which the average mortality risk decrease is 25 and 32%, respectively'
[65]
• meta-analysis of cohort studies • included 16 cohort studies with 42,602 breast cancer patients
• '… both pre-diagnosis and post-diagnosis PA were associated with reduced breast cancer-specific mortality and all-cause mortality' [9] • review • '… 24-67% reduction in the risk of total deaths and 50-53% reduction in the risk of breast cancer deaths in women who are physically active after breast cancer diagnosis compared with sedentary women' [46] • prospective observational study of 933 women with breast cancer
• ≥9 metabolic equivalents (METs)/week (e.g., 2-3 h/week of brisk walking) -before and especially after diagnosis and treatment • 'women who increased physical activity after diagnosis had a 45% lower risk of death' • 'moderate-intensity physical activity after a diagnosis of breast cancer may improve prognosis' [45] • randomized controlled trial with 2,361 post-treatment breast cancer survivors (stage I-III)
• '… most active at baseline had a 53% lower mortality risk compared to the least active women. Adherence to activity guidelines was associated with a 35% lower mortality risk' • '42% reduction in risk mortality among those women who were adhering to physical activity guidelines at both baseline and 1-year relative to those who did not meet the guideline at either time point' • 'we did not find that 1-year change in physical activity was associated with breast cancer mortality' [66] • systematic review and metaanalysis • used PRISMA guidelines • included 16 studies with breast cancer survivors and 7 studies with colorectal cancer survivors (49,095 cancer survivors)
• '… engaging in the approximate equivalent of 150 min of at least moderate physical activity per week after cancer diagnosis was associated with a 24% reduced risk of total mortality among breast cancer survivors' • 'comparable amount of physical activity performed pre-diagnosis was related to a 13% reduced total mortality risk among breast cancer survivors' • '… benefit of physical activity was evident for both lean and overweight women, for pre-and postmenopausal women, and for ER-positive and -negative tumors' [67] • data collection from breast cancer survivor cohorts in a after breast cancer pooling project with 9,513 patients
• 'very low physical activity was associated with a 22% increased risk of breast cancer mortality' -very low physical activity: '… defined as physical activity < 1.5 MET-h/week…' and '… equivalent to <30 min of moderate paced walking per week' [68] • prospective cohort study with 3,393 non-metastatic breast cancer patients
• 'risk for recurrence was about 50% reduced in patients with estrogen/progesterone receptor-negative (ER-/PR-) tumors who had been physically active pre-diagnosis, e.g., cycled or exercised at least 1 h/day, compared to physically inactive women' • 'among patients with ER-/PR-breast tumors, higher levels of exercise may even reduce their risk of recurrence' • '…there was no mortality reduction with increasing PA levels." [69] • international open-label randomized controlled trial with 521 breast cancer patients
• 'overall survival was better for patients who were active before and after the diagnosis. In contrast with previous studies, breast cancer survival and the risk of recurrence were not significantly associated with physical activity' [70] • systematic review and metaanalysis of epidemiological studies • 22 prospective cohort studies with 123,574 participants
• '… significant associations between lifetime and recent pre-diagnosis recreational physical activity and risk of all-cause death…' • '… recent pre-diagnosis recreational physical activity was also found to be associated with the risk of breast cancer-related death' • 'post-diagnosis physical activity was found to significantly reduce the risk of both all-cause death and breast cancer-related death' [71] • prospective observational study based on responses • from 2,987 breast cancer patients
• 'physical activity after a breast cancer diagnosis may reduce the risk of death from this disease. The greatest benefit occurred in women who performed the equivalent of walking 3-5 h per week at an average pace, with little evidence of a correlation between increased benefit and greater energy expenditure'
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A lot of RCTs and systematic reviews with large sample sizes showed that pre-and post-diagnosis physical activity was associated with a protective influence on recurrence and survival. Statistical differences and probabilities differ in the individual percentages.
Overall, there is still no specific exercise intervention for preventing recurrence or breast cancer-related mortality. Studies and reviews distinguish between the prevention of total mortality and cancer mortality or investigate the positive influences on total survival or cancer survival. However, from the patient's point of view, this makes no difference. In rehabilitation centers, exercise programs are less designed to directly prevent a recurrence but rather to improve quality of life and reduce different side effects from breast cancer and related treatments [50] . Therapists should consider the different recommendations and focus on the individual aim of the patient. All in all, therapists, nurses, and doctors play an important role in motivating and encouraging patients to participate in rehabilitation programs during/after therapy and in aftercare to help prevent recurrence and mortality [9, 51] . Therapists or instructors in group-based interventions can also create a supportive climate and foster positive experiences [52] , and participation in a rehabilitation intervention can lastingly increase the level of physical activity even after the intervention [3] .
General recommendations for cancer survivors without a specific target still apply, e.g., 15 metabolic equivalents (METs) per week or 150 min of moderate activity per week and a combination of strength and aerobic exercise [9] (table 2) , but many patients fail to keep up with these recommendations. Physical activity guidelines for cancer survivors should consider patients' interests and individual preferences to create more personalized physical activity programs [6, 53, 54] . Cancer survivors need a larger range of varied programs and access to different alternatives [55] .
Stubblefield et al. [56] noted that there is incomplete knowledge about cancer rehabilitation in patients and referring clinicians. It is also interesting that treatment rates for remediable physical impairments in cancer rehabilitation are lower than 2% [57] . There are still too few cost-benefit analyzes for the implementation and conversion of rehabilitation programs [58] . However, physical activity can and should be integrated into regular routine care and should be adapted to individual circumstances among breast cancer survivors [59] .
The current evidence on physical activity during rehabilitation and aftercare is good but not reflected in the rehabilitation clinics. Common rehabilitation guidelines in Germany (over 3 weeks) should be adjusted in terms of intervention and care as well as length of support [53] . Institutions in charge of rehabilitation should also support the evaluation of innovative approaches to make use of good evidence.
For the preparation and presentation of this review, we did not apply the methodology of a systematic review with subsequent limitations. No systematically traceable search criteria are represented, and no PRISMA criteria were considered. Furthermore, only 1 author conducted the search so that not all relevant studies may have been considered. Various findings included a wide range of evidence on different side effects as well as on recurrence and survival in breast cancer patients.
Despite the increasing number of publications, data show incomplete reporting and limitations in methodology. Overall, studies should focus on the implementation and reviewing of scientific evidence in daily practice [55] . Interventions must take into account the circumstances and settings of rehabilitation and aftercare.
To improve the evidence that physical activity can be used specifically in the rehabilitation and aftercare of breast cancer, more randomized and controlled studies are needed, especially about recurrence and survival. For a more detailed examination, underlying biological mechanisms should also be considered/analyzed.
Overall, personalized programs that can be used in practice and have the power to motivate patients to change or lastingly improve their lifestyle should be the future approach in breast cancer rehabilitation and aftercare. In addition, more studies should be carried out in rehabilitation clinics as the setting and evidence of physical activity are most relevant here.
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